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TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE, SEMICONDUCTOR WAFER, 
SEMICONDUCTOR MODULE, AND A METHOD OF MANUFACTURING 
SEMICONDUCTOR DEVICE 

5 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
device comprisinc^chip size packagejusingj^for^high density 
mounting module, unultichip module, and the like, a method 
10 of manufacturing^me, and to;^ semiconductor waf er ^sinfj^ 

for manufacturing the ^^^i^^^^J^^^St^fe-^ 

Currently, in accordance with^i making electronic 
devices imall ^n^^higti performance, semxconductor devxces 
used therein are required to [b^^ high intearation,; high 
15 density, and^ fast (in a) processing^lobxt^. 

corresponding to ^h^requirement, (implementing)^ 
methods of i semiconductor devices have been changed from/ 
pin inser^n type toA surf ace implementing method for 
increasing/ implementing densitjg)j and, in order to 
20 j| (correspond to) increasing^he) number of pins, packages^ such 
as(fro^DlP (Dual inline package )(t§j|QFP (Quad Flat Package) 
PGA (Pin Grid Array), and the like^have been developed. 

However, implement^on of the QFP is becoming 
dif f icul^n ac^irdilii withjji^reasing^h^ number of pins , 
25 ^ec^lS^connec^g leads with/ iinplementing substrate are 
concentrated atj( periphery of the package, and the lead 
itself is thin andj^readily deformed. The PGA is 
disadvantageous in^high density implementation, because/^W 
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increasing processing velocity is difficulty e|^ectrically, 
since terminals of the PGA for connecting with/implementing 
substrate are slender and;concentratedj| extremely j each 
other, and surface implementation is impossible, since the 

5 PGAjiis a pin insertion type. 

Recently, in order to solve the above problems and to 
realize a semiconductor device Corresponding tq}^^ 
(Increasinaprocessing velocity ,j|BGA (Ball Grid Array )j| has 
been developed. The BGAjj comprises a stress buffer layer 

10 between semiconductor chips and a substrate whereon 
circuits are formed, and^bump electrodes, which are 
external terminals , [a^y,implementing substrate side of the 

substrate whereon circuits are formed (US Patent 

A ^ 
5,148,265). (Th%;package having (th§^(BGA structure rs 


15 readily implemented onysurf ace , because deformation of the 

leads^such as^Q^^s)not ^ccurre^, since^hete^nj^lgf^ ^ 
connection "i^d implementation substrate (i^ball-shaped 
solders, and [a^ pitch between the terminals can be ^akenj 
wide, since the terminals; dispersed (o^ all through the 
20 implementing plane. Furthermore, because the length of 
the bump electrode, i.e. the external terminal, is short 
in comparison with the PGiy |jinductance component is small ,^ 
sigrml^je^city is fast, and it^ possible to (correspond) 
(t^^the requirement to increase^processing velocity.^ 
25 on the other hand, JP-A-8-172 , 159 (1996) disclosesALOC 

(Lead On Chip) package, which comprises a cross sectional 
compos it ion l^of sealing mater i^ /chip/protecting ^ 
film/sealing material, as §^h^/chip provided with ^hi/ 
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protecting film. The protecting film inc^e^es^ adhesion 
of the chip with the sealing material^ ^andj| protects the 
chip fronj^ {damages] byyy pick up pii^ concurrently. 

jP_A-7-135189 (1995) discloses an invention relating 
5 to^ wafer adhesion sheet for manufacturing semiconductor 

devic^s^^LOC structure . The wafer adhesion sheet isl&ue^j*^''^ 
as a protecting film until the chip is mounted in a package 
^n ^|process for manufacturing the semiconductor^ 
Recently, in accordance with widespread (used)j|of 
10 portable information terminals ,j^{decreasin^ size anc^high 
density mounting of semiconductor devices are required. 
Therefore^jlCSP (Chip Scale Package), the package size of 
which is ^^"^^^^^^^'^^^^^^^P' ^^^ri developed. ^Th^CSP 
of various types ^rd)j| disclosed in "Nikkei Micro Device" 
15 p38-p64, published by Nikkei BP Co. (February, 1998). 
(rhos^^ CSP ^re^panuf actured by the steps of: adhering 
semiconductor chips, which has been cut [tc^ respective 
pieces, onto a polyimide substrate or ceramic substrat^^^^^^ 
whereonjcircuit layer is formed; ^onnectin^ electrically a 
20 the circuit layer with the semiconductor chip by a method 
such as wire bon^i^g^s ingle point bonding, gag bonding, 
bump bonding, and^ther^; sealing the connecting portion 
withj(resin; and forming external terminals^ such as solder 
bumps. ffjP-A-9-232256 (1997) and JP-A-10-27827 (1998) 
25 disclose methods of .mass production of (th^/CSP. In 


accordance with ^he)^ methods , the semiconductor device is 
manufactured by the steps of: forming bumps on the 
semiconductor wafer; connecting the circuit substrate 


4 


electrically via the bumps; sealing the connecting 
portions withj^resin; forming the external electrodes on 
the circuit substrate; and cutting the wafer ^^respective 
pieces. The "Nikkei Micro Device" pl64-pl67/ published by 

5 Nikkei BP Co. (April, 1998), discloses another mass 
production method jo ^^the CSP. In accordance with the 
disclosed method, the semiconductor device is 
manufactured by the steps of: forming bumps on the 
semiconductor wafer by soldering; sealing portions other 

10 than the bumps withjiresin; forming external electrodes at 
the bump portions; and cutting the wafer ^<5|y| respective 


Among the |abovej CSP^assembled by adhering the 
semiconductor chips cut in pieces to (th^^polyimide 

15 substrate or ^h^ ceramic substrate, ^h^^SP^j wherein |£he)^^ 
circuit layer is connected to the chip by wire bonding^J 
becomes larger than the chip size, naturally^^^^cguse the 
bonding area of^^^e circuit layer is locatecj^^ exterior) 
of the chip. In^case of ^h^j^:SP connected by bump bonding, 

20 the substrate becomes larger than the chip in order to 
prevent resin from flowing down at^ potting, because the 
interval between the chip and the substrate is sealed with 
resin after ^bonding. Accordingly, ^here was such) a 
prbblem^that the package size of^^hes^ CSP became larger 

25 than the chip. 

A 

^h^CSP us^g^hejchip^^utJ^nM suc^ a problem/j.<^ 

that ^he CSP|j(took a long time^^ manufacturing^ the 
semiconductor device, because, after dicing the chips. 
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each ^f) respective chip must be located correctly on the 
substrate, adhered thereon, connected electrically, and 

{Th^;CSP using (the) /res in substrate^ such as^polyimide 
^ 5 and the like^as the circuit layer had(suc^ a problemjthat 
water, absorbed in the package at re-flowing when the 
package was provided onto the mounting substrate, was 

expanded and f ailuresjsuch as bubble formation and peeling 

off J were generated, because the chip was adhered with an 

10 adhering agent. 

A 

jrh^^CSP, which was manufactured by the steps of: 
forming bumps on the semiconductor wafer; connecting the 
semiconductor wafer with the substrate; sealing the 
interval between the substrate and the semiconductor wafer 

15 withies in; forming the external electrodes; and cutting 
lofflthe semiconductor wafer ftoJjrespective pieces; hadfiuch} 
a problem /as warpllof the semiconductor wafer and the 
semiconductor device ^j^;curing shrinkage, because the 
resin layer was formedj^only one side of the wafer. 

20 Additionally, exceptjthe wire bonding type CSP, marw ^ 

of the CSP have an exposed plane, which is (in reverse of)/\ 
the plane whereon the circuits are ^ormfd^ofjjithG chip- 
Therefore, ^^^^ ^ problem ^o gener^jt^j^al^l^es^such 

25 plane/byhf alling.down during transportation^ the packageT* 
^d handling] such a^(picking)up duringjimounting operation. 


SUMMARY OF THE INVENTION 
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In consideration of the above circumstances^ one of 
the objects of the present invention is to provide 
semiconductor devi^^s andj semiconductor waf er[^^wherein the 
package size is same as the chip size^ and failures in 
5 appearance^such as warp and[damages)are scarcely generatec^^^ 
and to provide a method of manufacturing the same. 

^ther one of the objectsjjof the present invention is 
to provide to provide semiconductor devices andj[^ 
semiconductor waf erfji.the package size of which is [a^j|same 
10 as the chip size^j^superior mounting reliability and mass 
producibility / andi failures in appearance isuch as warp and 
^^mages)j^are scarcely generated|;Vand to provide a method 
of manufacturing the same. 

The gist of the present invention to achieve the above 
15 objects is featured by thel semiconductor device comprising 
a semiconductor chip^ a stress relaxing layer provided on 
^h^plan^Q^whereon the circuxt and electrodes are formed, 
the semiconductor chipjj a circuit layer formed on the 
stress relaxing layer and connected to the electro^s^^and^ jLv^ 
20 external terminals provided on the circuit layei^f urther 
comprises an organic protecting film provided on|th^plane 
^ntxar^to the stress relaxing layer of the semiconductor 

(othe:^tyfeature of the present invention (isj/y in ^he)^^ 
25 semiconductor device comprising a semiconducto^chip^^^ 
porous stress relaxing layer provided oi^h^plan^j whereon 
the circuit and electrodes are formed, ^ the semiconductor) 
(^ip7)a circuit layer formed on the stress relaxing layer 
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and connected to the electrodes, and external terminals 
provided on the circuit layer/flif urther comprisesan organic 
protecting film provided oij[^he|plane^evers^to the stress 
relaxing layer of the semiconductor chip, and respective 
5 [of| side planes of the stress relaxing layer, the 

semiconductor chip, and the organic protecting film (is) 
exposed outside on a same plane. . 

^the^feature of the present inventionj|[i^ in ^h^^^ 
semiconductor device comprising a semiconductor^ chi^p^^ 

10 porous stress relaxing layer provided oij^^he)plan^^j|^whereon 
the circuit and electrodes are f ormed^of the semiconductofj^ 
^i^, a circuit layer formed on the stress relaxing layer 
and connected to the electrodes , an anisotropic conductor 
for electrical connection provided between the electrodes 

15 on the semiconductor chip and the circuit layer, external 
teiminals provided at designated locations on the circuit 
layer in a grid array shapef^and an organic protecting film A 
provided on ^hej^plane (reverse) to the plan^^ whereon the 
circuit and the electrodes are mountedj^ of th^ 

20 Semiconductor chi^; wherein, respective |ofJ side planes 
of the stress relaxing layer, the semiconductor chip,, and 
the organic protecting f ilm ^sj|^ exposed outside on(^^j(same 

^ther^ feature of the present invent ioiy (is) in ^he^*^ 

<^ 

25 semiconductor wafer comprisingAplurality of chip areas. 

Ok 

each of which comprisesy(circuit and electrodes a stress 
relaxing layer provided on^he) planeQ whereon the circuit 
and electrodes in the chip area are formed; a circuit layer 
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formed on the stress relaxing layer and connected to the 
electrodes ;[an(^extern^^^t^rminals provided on the circuit 
layer; ^further comprise^ an or^nic protecting film 
provided onjthe^plane ^everse)j|to the stress relaxing layer 
5 in the chu) area. - . 

^her)if eature of the present invent iory^s) in ^^method 
fforii'manufacturing/ semiconductor device comprising the 
steps of: forming gh^js tress relaxing layer on^^he) plan^^ 
whereon ^h^^ircuit and electrodes are formec^ of the)^ ^ 

10 respective chip area of ^h^jsemiconductor wafer; forming 
an organic protecting f ilmon(th^plan^^evers^to the plane^^ 
whereon the electrodes are formed[7 of)|\the respective chip 
area; foinning via-holes in the stress relaxing layer on 
the chip area; forming conductors in the via-holes; forming i[ 

15 circuit on the stress relaxing layer; forming (the) 

external terminals on the circuit layer; and cutting the 
chip area, the substrate having the circuit, and the 
organic protecting film at the same plane so as to 
minimum units for operating the semiconductor device 

20 obtained by the cutting. Aj^'jljy 


25 


On the semiconductor wafer (disclosed i^/^^the present 

^. 

invention,j( plurality of chip areas are arranged regularly; 
the chip area (is the]||minimum unit circuit for operating 
the semiconductor device, comprising semiconductor 
circuits such as logi^,^memory,^gate array, and th^j^ther^, 
and the electrodes for input /output of electric signals 
(witT^ outside the semiconductor wafer. The electrodes of 
the semiconductor device are arranged in a manner indicated 
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in FIG. 11. 

In accordance with the present invention, the 

<^ 

substrate provided with [th^|circuit layer is composed of 
^h^^porous stress relaxing layer and the circuit layer, 

5 whereon the circuits are formed. The porous body is 
composed of a body comprising a structure of continuous 
bubbles having many fine pores inside, or a three 
dimensional (net wor^structure havingj(breathing property . 
The porous body is formed by any one oj^^ a track etching 

10 method, wherein the member is irradiated by neutrons and 
etched by a chemical agent; a drawing method, wherein/, 
crystalline polymer is heated or plasticized with a 
plasticizer, and^subsequently , the crystalline polymer is 
drawn; a dissolution layer separating method, wherein a 

15 solvent havingj^dif f erent solubility depending on 

temperature is used; an extraction method, wherein a . 
polymer is mixed with an inorganic salt, silica, and(others^ 
uniformly, and after forming a film, only the inorganic 
saltQand silica are extracted; a layer transferring method, 

20 wherein a polymer, a good solvent, and a poor solvent are 
mixed together, and after forming a film, only the good 
solvent is evaporated; and/[others). Additionally ,y( non- 
woven fabric, a sheet of which is formed by a paper machine 
using polymers polymerized in a solvent in a fibrous state. 


25 


is^^^^^ The J[ breathing ]^^perty^eans^ a phenomenon 

j^(tha^ a gas^such as steam, air, an^^^tAers^ passes through 
the porous body via fine pores existing inside the porous 


body. 
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In accordance with the present invention, the linear 
expansion coefficient of the protecting film is preferably 
close to the linear expansion coefficient of the adh<^ion 
layer for adhering the stress relaxing layer ^itQ/the 
5 semiconductor chip. The warp of the semiconductor chip 
and the semiconductor wafer by thermal stress can be 
prevented by making the difference of the linear expansion 
coefficient of the organic protecting film from those of 
the stress relaxing layer and the adhesion layer small. 

10 ^h^cknesi^of the protecting film isjtnicke^thanjthickness 
ofjtpassivation f ilra^such as PIQ formed on the plane, whereon 
the circuits are formed, and thinner than the thickness 
of the chip. After back grinding the rear plane of the 
wafer, the protecting film can be formed by adhering a sheet 

15 of the protecting film to the back ground plane of the 
semiconductor wafer, or coating the plane with a varnish 
made of the protecting film material by^ispin coating method . 
The protecting film is adhered tightly to the wafer. The 
protecting film is desirably colored with black for 

20 shielding light. 

In accordance with the present invention, the porous 
relaxing layer can be made of polycarbonate, polyester, 
aromatic polyester, polytetraf luoroethylene, 
polyethylene, polypropylene, polyvinylidene fluoride, 

25 cellulose acetate, polysulfone, polyacrylonitrile, 
polyamide, aromatic polyamide polyimide, aromatic 
polyimide, and their compounds. A part of the relaxing 
layer may be formed of a photosensitive material. The 


I 
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relaxing layer is more porous than the protecting film. 

The circuit layer can be formed with any of gold, copper, 
aluminum, and these conductors, the outer surface of which^ 
plated with gold. jThesi)j| circuit layer can be the 

5 insulating substrate, whereon the circuits are formed with 
one of these conductors. The insulating substrate is 
desirably made of engineering plastics superior in heat 
resistance and mechanical characteristics^ such as 
polyimide and the like. 

10 The circuit layer is manufactured by forming the 

conductor layer directly on the relaxing layer by vapor 
deposition or plating and the like, and^ subsequently , j^, 
forming the circuits by etching the conductor layer. 
Otherwise, the circuit layer can be formed by adhering the 

15 insulating substrate, whereon the c ircu it (ar^ formed with 
the conductor, onto the stress relaxing layer. The 
adhering agent is composed of any resin of epoxy, 
maleimide, phenol, cyanate, polyamide, polyimide, 
po ly amide- imide, polyester, polyolefin, polyurethane, 

20 and the like, and a mixture of any of these resins withy^ 
rubber component^ such as silicone rubber, nitrile- 
butadiene rubber, and the like. Additionally, any agent, 
which exerts an adhesion force by h ea ting, drying, 
pressurizing, photo-irradiation, and^[other^, can be used 

25 as the adhering agent • In addition to the above compounds , 
the adhering agent can be a sheet, which is formed by 
impregnating any of the above compounds into a core 
material^ such asj( porous body, glass cloth and the like. 
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The substrate, whereon the circuits are formed, is adhered 
to the semiconductor wafer with the above adhering agent. 

The circuit layer is formed by the steps of: forming 
the porous relaxing layer on the electrode side plane of 
5 the semiconductor wafer; and forming the conductor layer 
on the relaxing layer by a method such as adhesion, plating, 
vapor deposition, and^jotherj. Sometimes, the circuit 
layer is formed by pattern-etching the conductor layer with 
a designated process. 

10 The via-hole formed between the circuit layer and the 

semiconductor wafer is manuf acturec^^ laser^such asy|He-Ne 
laser, Ar laser, YAG laser, carbon dioxide gas laser, and 
the like. Additionally , -in some cases, the portions of 
the relaxing layer corresponding to the electrodes and the 

15 circuit layer of the semiconductor wafer are formed with 
a photosensitive material, and the via-hole is formed by 
exposing, developing, and etching of the photosensitive 

material . ^ 

The conductor portion for ^onnectin^ electricallyy\ 

20 the semiconductor wafer and the circuit layer is formed 
with a conductive resin made by mixing conductive fine 
powder^ such as carbon, graphite powder, gold, silver, 
copper, nickel, copper plated with silver, glass plated 
with silver, and the likeiinto a resin group binder* such 

25 asj^epoxy group res in silicone group resin^ polyimide group 
resin, and the like. Electrical conduction can be 
achieved by forming a plated film in the via hole witlj metal 
such as copper [b;^j^ pi a ting method. Additionally, the 
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conductive portion can be manufactured by forming a 
deposition film on the inner wall of the via-hole with metal 
such as gold, copper, and others by heating deposition or 
spattering deposition inj^ vacuum. Other than the above 
5 method, in som^jcas^, the wafer is ^nnecte^ electricaliyyy 
with the circuit layer by arranging a material havihg,'^^ 
anisotropic conduction in a direction ofythickness between 
the semiconductor wafer and the terminals of the circuit 
layer, ^hejjmaterial having anisotropic conduction is(such) 
10 a material manufactured by foiling through holes with 20 
- 30 //m pitch in an insulation film^such as polyimide 
and the like, and filling the through holes with a 
conductive material^ such^as copper and the like. The 
material is conductive only when the electrode exists at 
15 the same position in the thickness direction, andy\not 
conductive in the XY direction. 

The external electrode to be formed on the substrate, 
whereon the circuit layer is formed, is a conductor 


layer xs 


^onnectin^ electrically^ the semiconductor device by 
20 melting with heating. Practically, ar^Jof a soldering 
alloy containing tin, zinc, and lead, silver, copper, or 
gold, or these metals formed in a ball shape and coated 
with gold, can be used for connecting the semiconductor 
device by heating and melting, or contacting and vibrating 
25 without melting. Other than thes^^ateria^, any one of 
molybdenum, nickel, copper, platinum, titanium, and 
others, or an alloy composed of at least two of these 
elements, or a double film structure formed by at least 
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two of these elements ^ can be used as the terminal. 

The mounting substrate used for the semiconductor 
module is composed of /the)iConductive layer and ^he]A 
insulating layer. The insulating layer is composed of/^ 
5 res in^ such as epoxy^ maleimide^ phenol, cyanate, 
polyamide, polyimide, poly amide- imide, 
polytetraf luoroethylene, and the like, a copolymer of 
these^esi^, or a rubber component^such as silicone rubber, 
nitrile-butadiene rubber, and the like. In particular, 

10 one of the aboveAKresin added with) photosensitivity^, which 
can be madej^patterning ^y|i^ process such as exposing and 
developing, is preferable. Furthermore, in addition to 
the above resin itself, th^ insulating layer can be formed 
by impregnating any of the above compounds into a core 

15 material^ such as|[ porous body,j|glass cloth and the like. 

The conductive layer is composed ofcmetaLsuch as gold, 
copper, aluminum, and the like. In consideration of^^ 
electrical characteristics, the mounting substrate is 
desirably a substrateQ whereon a ground layer and a power 

20 supply layer are provided. 

In accordance with the present invention, the CSP having 
a package size (a^^ same as the chip size can be provided. 
^ej[porous stress relaxing layer is used. The porous body 
is cut simultaneously when the semicondu^or wafer is cut. 

25 Its end plane is inevitably exposed at/side plane of the 
package. Therefore, absorbed moisture at ref lowing in 
mounting is released outside passing through the porous 
body. Accordingly, failures such as peeling off by vapor 
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pressure of water can be prevented , and ^h^^CSP having 
a high reliability can be provided. Because the wafer is 

cut altogether ^o)jpieces (o^^ respective (unit]|^ after 

<\ 

assembling by wafer level, ^h^jjCSP having a preferable mass i 
producibility can be provided. Furthermore, ^h^ CS^, 
whereiii the warp generated by thermal stress is made small 
^j^j^the protecting film formed onArear plane of the 
semiconductor wafer, and appearance f ailuresj such as 
cracks and damages of the semiconductor chip during .a^ 
handlingj^the packagejSuch as^ transportation and^thers iClj^ 
scarcely generated^ can be provide^. 


BRIEF DESCRIPTION OF THEl DRAWINGS 

|fig. 1 is a set of^schematic cross sections indicating 
15 manufacturing steps of ^h^ semiconductor devic^[i^ one[of] 
jthe) embodiment of the present invention^]j 

FIG. 2 is a perspective view of the semiconductor wafer 
based on the present invention/ obtained by the 
manufacturing steps indicated in (FIG. 1'^ Ff<^£* K^)^ '^"-^j 


20 


(fig. 3 is a set of\schematic cross sections indicating 


manufacturing steps of ^he)( semiconductor device ^n thejy\ 


6ther| embodiment of the preseat invention^?' A 

A^[fiG. 4 indicates) an example ofji semiconductor device 


[in the othe^ ^embodiment of the present invention^ and^J 
25 (Indicates (a) a schematic cross section, and (b) a] 

^ ' ^ ^Ij^IG. 5 indicates] an example ofy^ semiconductor device 
in the other embodiment of the present invention^ andlj 
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jindicates (a) a schematic cross section, and (b) 
^perspective view 71 * . 

|FIG. 6 is a set of]| perspective views^ndicatingj a part 
of^manufacturing steps of semiconductor device ^n the) 
5 ^her embodiment o^Jjthe present invention^)* . 
' ^ yy^|FIG. 7 indicates) an example of^emiconductor module 

based on the present invent ionj^^ and indicates (a) a^y 
(schematic cross section, and (b) a perspective viewT) 
FIG. 8 is a schematic cross section^|Indicatinq| an 
10 example o:^ semiconductor devic^^fja com^^^ratd^e examplej^J^ 
FIG. 9 is a schematic cross section jG^dicatingrt an 
example of^semiconductor device|^f)a comparative example^' 

FIG. 10 is a schematic cross section^ (indicating? an 
example ofj^semiconductor device[o:^^a comparative exampl^/7; 

15 and ^ ) (I (3i>^^ J.^^^^^^^^ 

^|FIG. 11 is a schematic illustration indicatingj the 

arrangement of electrodes on the semiconductor chip used 

in the present invention. 


20 DETAILED DESCRIPTION OF THE EMBODIMENTS 

Hereinafter, ^^^odijoen^ of th^present invent ion ^re;^ 
explained in detail^[ref erring] to/ drawings . 


25 A^G. 1 i ndi cates manufacturingfstepsy^j^ semiconductor 

device [in)j|an embodiment of the present invention, and a - ^fcs K^l) 

semiconductor device obtained by the manufacturing steps^. 
In accordance with the manufacturing steps of j((a) 
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( i ) / the semiconductor wafer and the semiconductor device 
of the present invention were prepared. 

^{a)(As the insulating substrate JJ,^ poly imide film (UB 
rex S: made by Ube Kosan Co. ) (of) 50 // m thick^jtfl^ ^ 
5 epoxy group adhesive agent was applied, was usec^. Device 
holes were formed by punchingy\the insulating substrate 1 . 
Electrolytic copper foil (of] 18 jbLm thick was adhered to 
the polyimide film by heating and pressurizing with a 
roller at 150 **C. After applying photosensitive resist 
10 (P-RS300S: made by Tokyo Ohka Co.)onto the electrolytic 
copper foil,; baked at 90 °C for 30 minutes, and(the)etching 
mask was prepared by exposing and developing |Eh^ pattern. 

Then, the copper was etched with^ ferric chloride 
aqueous solution (ferric chloride concentration is 40° 
15 Baume: specific gravity; approximately 1.38) at 40 ''C, and K 
copper circuit was prepared by peeling off the resist • The 
circuit 2 was prepared by plating the circuit portion with 
electrolytic gold. As explained above, ghe|/i circuit 2 
corresponding to respective |of plura^ chip areas on the 
20 semiconductor wafer was prepared. 
/ihf ^ "^^^^(b) ^i^^adhesive varnish containingj\ non-volatile 

component 30 % ( bis phenol A type epoxy resin (EPIOIO: 
made by Yuka Shell Co. ) was dissolved into a solvent, i.e. 
methylethylketone,^ ortho-cresol novolak type phenol 
25 hardener (H-1: made by Meiwa Kasei Co.) was added, and a 
catalyst { triphenylphosphine: mad^by Wako Jyunyaku Co.) 


was mixed) was applied onto one of ^surfaces of^h^p^rous 
body composed of polyimide non-woven cloth having three 
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dimensional network structure of 150 /Z ni[^)^ and [dried) th 
varnish|- By adhering the circuit layer 2 prepared by the 
manufacturing stepy^{a) to the porous body 3[yia thSadhesive 
agent by heating and pressurizing at 120 ''C for 5 seconds, 
5 the substrate comprising the circuit layer was prepared. 
j^^uv ^^^^ \ yt(c) (rheJn substrate, whereon the circuit layer was 

formed, the adhesive agent 4, the semiconductor wafer 6, 
and the wafer protecting film 7 were arranged as indicated 
^ FIG. J). The substrate 1, whereon the circuit layer was 
10 formed, and the electrode 5 on the wafer were ad justed^heirj^'^ 
position to match each other- As the semiconductor wafer 
6, a semiconductor wafer 4 inches^nd 525 /Z m thick was 

used. 

The adhesive agent 4 and the wafer protecting film 7 
15 were prepared by impregnating ^he)j adhesive varnish 

containing^ non-volatile component 35 % ( bxphenyl type 
epoxy resin (YX-4000: made by Yuka Shell Co.) was 
dissolved into a solvent, i.e. methylethylketone, 
ortho-cresol novolak type phenol hardener (H-1: made by 
20 Meiwa Kasei Co. ) was added, and|^micro-f iller having^primary 
particle size of 12 nm (R974: made by Nippon Aero sol Co. ) 
and a catalyst ( triphenylphosphine: made by Wako Jyunyaku 
Co. ) were mixed) into the poly^imide non-woven cloth of 3 0 


ju in[;\and (Bryii^ the varnislj^. 
^ 25 ' »(d) (Afterlback grinding 


rear plane of the 
semiconductor wafer 6 to expose the silicon, the above 
members were adhered to the rear plane of the wafer by 
heating and pressurizing at 120 **C for 5 seconds. 
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Furthermore, the members were cured by heating at 170 ''C 
for 60 minutes. 

^ * ^ f,{o)^ rThej via-holes 8 of 50 m in diameter were formed 

byj^YAG laser (made by ESI Co,, wavelength: 355 nm, peak 
5 power: 4 kW, energy: 200 JU 3 f pulse width: 50 ns). 
I (f) (The)^onductor portion 9 was formed by injecting 
conductive paste (GP913: made by Asahi Kasei Co. )^into the 
via-holes 8[b^^a printing method, and heating and curingy( 
at 170 *'C for ,40 minutes- 
ID * j\(g) ^he)^external electrode 10 was formed by apply xng 
flux at solder ball connecting portions of the substrate 
1, whereon the circuit layer was formed, placing^ eutectic 


solder ball (Pb 63: Sn 37), of 0.6 mm (in) diameter thereon, 

and heating the solder ball by infrared re-flow heating 
15 at 240 ""C for 5 seconds. Finally, marking was performed 

on the wafer protecting film 7 with an ink jet printer. 
In accordance with the above manufacturing steps , the 

semiconductor wafer 6, whereon plural chip areas were 

formed as indicated in FIG. 2, was prepared. The amount 
20 of warp of the semiconductor wafer 6 was evaluated[b]^f ilm 

thickness measuring profilometer (dectac: made by ULVAC 

Co.). 

* A(h) [liftiiorder to cut the semiconductor wafer 6, dicing 
tape (UE-lllAJ: made by Nit to Denko Co. ) was adhered onto 
25 the rear plane of the wafer protecting film 7. Then, a 
dicing saw(of]200 jU m thick was attached to a dicer ( DAD520 : 
made by Disco Co. ) , and the substrate 1 , whereon the circuit 
layer was formed, the adhesive agent 4, the semiconductor 


20 


wafer 6 ^ and the wafer protecting film 7 were cut 
simultaneously [at ^^same planeiso that the semiconductor 
device 11 , obtained by cutting the semiconductor wafer 6, 
would [be anjji operable [smallest^ unit, i.e. the chip 64. 
5 After cutting / the dicing tape was peeled off from the wafer 
protecting film. 

;((i) ^he^/ semiconductor device 17 of the present 
invention [was^ prepared (^s);( explained above. The 
semiconductor device 17 was mounted on a mounting substrate, 

10 and a temperature cycle test in the range from -55 ^'C to 
-125 °C was performed. As the mounting substrate, a 
copper clad glass cloth base epoxy laminate FR-4 (MC-E-67: 
made by Hitachi Kasei CQ.. ) was used. Furthermore, a 
reflow test at 240 °C for 5 seconds was performed after 

15 absorbing moisture in an environment at 85 ^'C and a 
relative ^umidity of 85 % for 48 hours. An appearance test 
(such as)j^generation of / chip crack and the like was 
performed after dropping the semiconductor device at a 
height of 1 meter on a glass plate [of) 5 mm thick. 

20 Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in following Table 
1. 
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Table 1 



Amount of warp 
of waf er ( // m) 

Amount of warp of 
package { m) 

Failure generation 
rate after 1000 
cycles (Number of 
failures /number of 
tests ) 

E-1 

^ 5 // m 

^ 1 // m 

0/100 

E-2 

^ 5 /Z m 

^ 1 m 

0/100 

E-3 

^ 5 // m 

^ 1 // m 

0/100 

E-4 

^ 5 // m 

^ 1 // m 

0/100 

E-5 

^ 5 /Z m 

^ 1 // m 

0/100 

E-6 

^ 5 m 

^ 1 // m 

0/100 

E-7 

^ 5 // m 

^ 1 // m 

0/100 

E-8 

^ 5 // m 

^ 1 // m 

0/100 

E-9 

^ 5 m 

^ 1 // m 

0/100 

E-10 

^ 5 /Z m 

^ 1 // m 

0/100 

E-11 

^ 5 m 

^ 1 m 

0/100 

C-1 


5 m 

85/100 

C-2 


^ 1 /z m 

20/100*^ 

C-3 

20 // m 

5 // m 

20/100 


*1: Number of breakage (failurejfaf ter 1000 cycles in the 
range from -55 ^'C to -125 ^'C. 

*2: Number of failures such as peeling^ bubbling etc. 
during j^infrared reflow test, after leavinq^ iuy^ ^ 
relative humidityjes % at 85 "C for 166 hours. 

*3: Breakage failures between chip/circuit substrate. 
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*4 : Generation of breakage or cracks injchip when dropping ^ 


from 1 meter high |t6)^glass substrate |of| 5 cm thick 


was determined as/ failure. 


Table 1 (continued) 



Failure 

generation rate in 
reflow test*^ 
(Number of 
failures /number 
of tests) 

Failure generation 
rate in dropping 
test** (Number of 
failures /number of 
tests ) 

Ratio of area 
(package area/chip 
area) 

E-l 

0/100 

0/20 

1 

E-2 

0/100 

0/20 

1 

E-3 

0/100 

0/20 

1 

E-4 

0/100 

0/20 

1 

E-5 

0/100 

0/20 

1 

E-6 

0/100 

0/20 

1 

E-7 

0/100 

0/20 

1 

E-8 

0/100 

0/20 

1 

E-9 

0/100 

0/20 

1 

E-10 

0/100 

0/20 

1 

E-11 

0/100 

0/20 

1 

C-1 

90/100 

0/20 

1.44 

C-2 

0/100*' 

8/20 

1.2 

C-3 

50/100 

12/20 

1 


*1: Number of breakage failur^iaf ter 1000 cycles in the 
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range from -55 to -125 "C* 
*2: Number of failures such as peeling, bubbling etc. 

during /infrared reflow test, after leaving^ in ^ ajy^^v^^r^-f^-^^ 

relative humidity^ 85 % at 85 ""C for 166 hours. 
*3: Breakage failures between chip/circuit substrate. 
*4 : Generation of breakage or cracks inj[chip when dropping^ 

from 1 meter high ^o^yglass substrate ^fj 5 cm thick 

was determined as ^failure. 


10 The semiconductor wafer 6 prepared in the present 

embodiment had a j warp (as small as] equal to or less than 
5 //m. The semiconductor device prepared in the present 
embodiment 17 had a small warp. The conductor portion can 
be made of a low coefficient of elasticity by connecting 

15 the chip 64 to the circuit layer 2 with a conductive resin, 
and the semiconductor device is made superior particularly 
in thermal cycle resistance, in addition to the effect of 
the stress relaxing layer. In accordance with the porous 
stress relaxing layer, reflow failure in mounting is not 

20 generated. The failure such as damage of the chip is not 
genera^^d in the dropping^^^st . The package size can be 
made (a^/ same as the size of/|Chip. In accordance with the 
process of the present embodiment, the package can be made 
(onl^by dicing, an<^it is superior in mass producibility . 


25 


yy(^G. 3 indicaib^^j^^^ 
device (in the^the^i^^^ of the present invention. 


$ 


and a semiconductor device obtained by the manufacturing 
steps* 

In accordance with the manufacturing steps ofy|(a) 
(h), the semiconductor wafer 6 and the semiconductor 
5 device 17 of the present invention were prepared. 
^ I /\ (a) [rheji porous body 3 made of polytetraf luoroethylene 

having a three dimensional network structure of 150 jum , 
which was prepared by a drawing method, the adhesive agent 
4r the semiconductor wafer 8 , and the wafer protecting 

10 film 7 were arranged a^^^ndicated ^Si FIG. J). (The)^^ 
semiconductor wafer 8jof)^4 inches in diameter and 525 
jUm Ln thicknessj^was used. The adhesive agent 4 and the 
wafer protecting film 7 wexe prepared by impregnating the 
adhesive varnish containing non-volatile component 35 % 

15 (biphenyl type epoxy resin (YX-4000: made by Yuka Shell 
Co.) was dissolved into a solvent, i.e. 
methylethylketone^JI ortho-cresol novolak type phenol 
hardener (H-1: made by Meiwa Kasei Co.) was added, and/y 
micro-filler having primary particle size of 12 nm (R974: 

20 made by Nippon Aero sol Co.) and a catalyst 

( triphenylphosphine: made by Wako Jyunyaku Co.) were 
mixed[)^ into the polytetraf luoroethylene sheet having a 
three ^ijn^nsional structure of 30 /X vc^^eind ^iryLng^ t:liG 
varnisl^. After back grinding the rear plane of the ^^^^ 

25 semiconductor wafer 6 so as to remove SiOj and to expose/ 
silicon, the above members were adhered by heating and 
pressurizing at 120 "^C for 5 seconds. Furthermore, the 
members were cured by heating at 170 ''C for 60 minutes. 


* ■ . ' 25 


\^J^^ ^^^^ r~ ^ 

^ * ^ (b)^[The| via-holes 8 of 50 // m in diameter were formed 

by YAG laser (made by ESI Co.^ wavelength: 355 nm^ peak 
power: 4 kW, energy: 200 JLIJ^ pulse width: 50 ns). 
^(c) {Thej^plated^l2 was formed by immersing the 
5 semiconductor wafer,, wherein the via-holes were formed in 
_ — the porous body^ backed by the wafer protecting f ilm^into 
a plating solution at 70 ""C to perform an electroless 
copper plating. Before plating, the semiconductor wafer 
was immersed into an acidic solution of^sensitizer (HSlOlB: 

10 made by Hitachi Kasei Co.) for treating; catalyst of 
catalytic electroless copper plating. The plating 
solution used had a composition of: copper sulfate 
heptahydrate; 0.04 mole/liter , ethylenediamine 
tetraacetic acid dihydrate; 0.1 mole/liter, glyoxylic 

15 acid; 0.03 mole/ liter, sodium hydroxide; 0.1 mole/liter, 
2, 2'pyridyl; 0 . 0002 mole/liter , and polyethylene glycol; 
0.03 mole/liter. 
^ ^ /(d) [An^i^etching mask was prepared by applying 
photosensitive resist (P-RS30^^:^^n^ide by Tokyo Ohka Co.) 

20 onto the copper plated film, bakingjat 90 for 30 minutes , 
and exposing and developing the pattern. Then, the copper 
was etched with ferric chloride aqueous solution (ferric 
chloride concentration is 40° Baume: specific gravity; 
approximately 1.38) at 40 ''C, and /.copper circuit was 

25 prepared by peeling off the resist. The circuit 2 was 
prepared by plating the circuit portion with electrolytic 


gold. 

^ ^ ;(e) (TheJ^solder resist film 13, whereon lands 


for 
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external terminals were formed, was prepared using a 
photosensitive solder resist agent (PSR4000: madebyTaiyo 
Ink CoO on the circuit 2. The solder resist agent was 
applijpd onto the circuit side of the wafer byispin coating 
5 method^r^^^^iej at 80 ^'C for 20 minutes, and/ (expos ing] and 
{developing) jtto form the lands. Further, it was cured at 
150 ''C for 60 minutes. 
^ ^ /*^^^ I ^(f ) [The)| external electrode 10 was formed by applying 
flux at the land portions, placingfeutectic solder ball 
10 (Pb 63: Sn 37)[of)o. 6 mm in diameter thereon, and heating 
the solder ball by infrared re-flow heating at 240 for 
5 seconds. Finally, marking was performed on the wafer 
protecting film 7 formed ,on the rear plane of the 
semiconductor wafer with an ink jet printer. 
15 In accordance with the above manufacturing steps, the 

semiconductor wafer 6, whereon plural chip areas 62 were 
formed as indicated in FIG. 2, was prepared. The amount 
of warp of the semiconductor wafer 6 was evaluate<^|[p^ film 


thickness measuring profilometer (dectac: made by ULVAC 


2° ' Ac^' 


1^-^ ^ ^^^ A^(q) fin)jorder to cut/, dicing tape 120 was adhered onto 
the wafer protecting film 7. A dicing saw 11 (of)j200 /jl 
— ^ m thick^was attached to a dicer ( DAD520 : made by Disco Co . ) , 
and the substrate 1, whereon the circuit layer was formed, 
25 the adhesive agent 4, the semiconductor wafer 6, and the 
wafer protecting film 7 were cut simultaneously^ a^same 
plane so that the semiconductor device 17, obtained 
cutting the semiconductor wafer 6, would ^e anjj^pperable 
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^smalles^ unit , i.e. thechip64. After cutting, the dicing 
tape was peeled off from the wafer protecting film. 

A (h) VrheNi semiconductor device 17 of the present 
invention ^as)/^ preparedly [as) explained above. The 
5 semiconductor device 17 was mounted on a mounting substrate, 
and a temperature cycle test in the range from -55 **C to 
-125 ^'C was performed. As the mounting substrate, a 
copper clad glass cloth base epoxy laminate FR-4 (MC-E-67: 
made by Hitachi Kasei CO.) was used. Furthermore, a 

10 reflow test at 240 for 5 seconds was performed after 
absorbing moisture in an environment at 85 ''C and a 
relative humidity of 85 % for 48 hours. An appearance test 
^uch as)^ generation of / chip crack and the like was 
perfozrmed after dropping the semiconductor device at a 

15 height of 1 meteijn [on) a glass plate jofj 5 mm thick. 
Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package wais also 
evaluated. The results are indicated in Table 1. 

The semiconductor wafer 6 |prepared i^^the present 

20 embodiment had a^warp ^as small as) equal to or less than 
5 // m. The semiconductor device prepared in the present 
embodiment 17 had a small warp, and the semiconductor 
device is superior particularly in thermal cycle 
resistance, because the stress relaxing layer is made of 

25 porous polytetraf luoroethylene having a low coefficient 
of elasticity . The semiconductor device does not generate^ 
reflow f ailure(a^mounting operation, because it is a low 
humidity absorber. Because the chip can be connected 
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electrically with the circuit layer by forming the 
conductors at the via portions and the circuit layer 
simultaneously by plating, the semiconductor device of the 
present invention is superior in mass producibility . 
5 jThe)jif allure^ such as damage ^f)^the chip |is)j| not 

generat^ in the dropping ^^st. The package size can be 
made ^^j^same as the size of^chip. In accordance with the 
process of the present embodiment, the package can be made 
^nlY)j|by dicing the semiconductor wafer of the present 
10 embodiment, and the process is superior in mass 

producibility. In accordance^|n-th the process of the 
present embodiment, ad justing^ locations of the circuit 
layer and the pads on the, chip becomes unnecessary, and 
the manufacturing process can be simplified. 

15 

(Embodiment 3) a 

FIG. 4(a) and FIG. 4 (bj^ndicate^a cross sectional 
view and a. perspective view^of gie^jtsemiconductor device 
l^n the othe^J^embodiment of the present invent ioqQ^ 
20 ^^spectivel^. The semiconductor device was obtained by 
the following manufacturing steps. 

After forming the via-holes by the same process as the 
embodiment 2, copper film was formed on the inner wall of 
the via-holes and the surface of the porous body by a vacuum 
25 deposition method. The subsequent processes were 

^]£erf ormed ^sjsame at^the previous embodiment to manufacture 
the semiconductor wafer 6 and the semiconductor device 17 . 
The semiconductor device 17 was mounted on a mounting 
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10 


substrate, and a temperature cycle test in the range from 
-55 ^^C to -125 was performed. As the mounting 

substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 for 5 seconds was 
performed after absorbing moisture in an environment at 
85 **C and a relative humidity of 85 % for 48 hours. An 
appearance test |such asjjj generation of^chip crack and the 
like was performed after dropping the semiconductor 
device at a height of 1 meter[on||a glass plate[o^ 5 mm thick. 
Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 


evaluated. The results are indicated in Table 1. 

of 

The semiconductor wafer 6 prepared inj|| the present 
15 embodiment had ajwarpfas small as) equal to or less than 
5 /z m. The semiconductor device IV^repared ii^the present 
embodiment had a small warp, and the semiconductor device 
is superior particularly in thermal cycle resistance, 
because the stress relaxing layer is made of porous 
20 polytetraf luoroethylene having a low coefficient of 

elasticity. The semijponductor device does not generate^ 
reflow failure [a^j mounting operation, because it is a low 
humidity absorber. Because the conductive portions are 
formed by jth^ vapor deposition, ^^^conductive layer having 
25 a high purity can be formed, and^ electrical resistance is*^ 
decreased. Therefore, the semiconductor can Correspond}/ 
fj^oj increasing^elocit^of^^lefctrical signals). [Th^|f allure c 
such as damage of the chip[isj^not generated in the dropping 
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test. Furthermore^ the package size can be made [as) /same . 
as the size of the chip, and the package can be made^nl]^y( 
by dicing the semiconductor wafer of the present embodiment . 
Therefore,, the process is superior in mass producibility • 


( Embodiment 4 ) 


FIG. 5(a) and FIG. 5(b) (indicat^a cross sectional 
view and a perspective viewj of (theji semiconductor device 
l^n the otherjjiembodiment of the present inventionQj 

10 Respectively. The semiconductor device 17 was obtained 
by the following manufacturing steps. 

As the porous body 3 , porous polyimide(o^ 120 // m thick^ 
having a three dimensional network structure, which was 
prepared by a layer transfer method, was used. As the 

15 adhesive agent and the wafer protecting film, 

thermoplastic polyimide (TP-D: made by Kaneka Co.)|o^30 
// m thick was used, and the semiconductor wafer and the 
semiconductor device were prepared by the same method as 
the embodiment 1 . However, heating and pressurization for 

20 adhering layers was performed at 260 ^'C for one second. 

The semiconductor device 17 was mounted on a mounting 
substrate, and a temperature cycle test in the range from 
-55 to -125 ^'C was performed. As the mounting 

substrate, a copper clad glass cloth base epoxy laminate 

25 FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 ^'C for 5 seconds was 
performed after absorbing moisture in an environment at 
85 ^'C and a relative humidity of 85 % for 48 hours. An 
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appearance test [such as^generation ofjichip crack and the 

like was performed after dropping the semiconductor 

device at a height of 1 meter(o^ja glass plate[of|5 ram thick. 

Furthermore, the package area versus chip area was 

5 evaluated. The amount of warp of the package was also 

evaluated. The results are indicated in Table 1. 

The semiconductor wafer 6 prepared in the present 

embodiment had aj warp jas small as) equal to or less than 

of 

5 // m. The semiconductor device IVjprepared in^the present 
10 embodiment had a small warp. The semiconductor device is 
superior particularly in thermal cycle resistance, 
because the conductive portions could have a low 
coefficient of elasticity by connecting the chip to the 
circuit layer wit hj[ conductive resin, in addition to the 
15 effect of the stress relaxing layer. The semiconductor 
device does not generate^ ref low failure j^-^y mounting 
operation, because of the porous stress relaxing layer. 
^he)^failurejSuch as damage[o^/the chip^is^not generated 
in the dropping test. Furthermore, the package size can 
20 be made^^j|same as the size of the chip, and the package 
can be made ^nl^ by dicing the semiconductor wafer of the 
present embodiment. Therefore, the process is superior 
in mass producibility . 


25 (Embodiment 5) 

[rh^semiconductor device 17, which was the same type 
as indicated in FIG. 4j, was prepared by the following 
manufacturing steps . 
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AS the porous body 3 , porous polyimide {o^ 120 // m thick^ 


having a three dimensional network structure^ which was 
prepared by a layer transfer method^ was used. As the 
adhesive agent and the wafer protecting f ilm^ 

A 

5 thexnnoplastic polyimide (TP-D: made by Kaneka Co-) |of^30 
U m thick was used, and the semiconductor wafer 6 and the 
semiconductor device 17 were prepared by the same method 
as the embodiment 2 • 

The semiconductor device 17 was mounted on a mounting 

10 substrate, and a temperature cycle test in the range from 
-55 **C to -12 5 ^^C was performed. As the mounting 
substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 **C for 5 seconds was 

15 performed after absorbing moisture in an environment at 
85 **C and a relative humidity of 85 % for 48 hours. An 
appearance test ^such as^generation ofj( chip crack and the 
like was performed after dropping the semiconductor device 
at a height of 1 meter (oii)j| a glass plate [ofj 5 mm thick. 

20 Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in Table 1. 

The semiconductor wafer 6 ^prepared in)j(:he present 


25 


embodiment has ajwarp |as small as) equal to or less than 
5 // m. The semiconductor device 17^repared i^^he present 
embodiment has a small warp and superior thermal cycle 
resistance, and does not generate^ reflow failure (a t}^^^'^^''^^^ 
mounting operation. Because the chip can be connected 
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electrically with the circuit layer by forming the 
conductors at the via portions and the circuit layer 
simultaneously by plating, the semiconductor device of the 
present invention is superior in mass producibility • 

^Thgly^f ailure^such as damage [o:^ the chip jigjinot generated 


in the dropping test. The package size can be made&s)teame 


as the size of chip. In accordance with the process of 
the present embodiment , the package can be made ^nl^ by 
dicing the semiconductor wafer of the present embodiment, 
10 and the process is superior in mass producibility. 


( Embodiment 6 ) 
A 

^he]( semiconductor device 17, which was the same type 
as indicated in FIG. was prepared by the following 

15 manufacturing steps. 

As the porous body 3 , porous polyimidelon 120 ju m thick/» 
having a three dimensional network structure, which was 
prepared by a layer transfer method, was used. As the 
adhesive agent and the wafer protecting film, 

20 thermoplastic polyimide (TP-D: made by Kaneka Co.) (p^ 30 
JU m thick was used, and the semiconductor wafer 6 and the 
semiconductor device 17 were prepared by the same method 
as the embodiment 3 . 

The semiconductor device 17 was mounted on a mounting 

25 substrate, and a temperature cycle test in the range from 
-55 ^'C to -125 was performed. As the mounting 

substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO.c) was used. 
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Furthermore, a reflow test at 240 °C for 5 seconds was 
performed after absorbing moisture in an environment at 
85 "C and a relative J^rjj^ijy of 85 ^^f^^ 48 hours. An 
appearance testjsuch as]( generation of; chip crack and the 
5 like was performed after dropping the semiconductor device 
at a height of 1 meter (on]j|ta glass plate ^tj 5 mm thick* 
Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in Table 1. 
10 The semiconductor wafer 6jj>repared injjthe present 

embodiment has a; warp §s small asjequal to or less than 
5 // m. The semiconductor device 17(prepared i^the present 
embodiment has a small warp and superior theirmal cycle 
resistance, and does not generate/^ reflow f allure ^t)^^^*^*^ 
15 mounting operation. Because the conductive portions are 
formed by^h^vapor deposition, ^^conductive layer having 
a high purity can be formed, and/electrical resistance is 
decreased. Therefore, the semi^^ductor can [correspond) 
. feS increasinoKr^nSSit^ ofcfelectK^al^gnalJ . (Th%f ailure. 
20 such as damage ^f)^the chip not generated in the droning 
test. Furthermore, the package size can be made §s)||same 
as the size of the chip, and the package can be made (on 1^^*"^^ 
by dicing the semiconductor wafer of the present embodiment. 
Therefore, the process is superior in mass producibility. 
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( Embodiment 7 ) 
A 

(The)j^semiconductor device 17, which was the same type 
as indicated in FIG. ^, was prepared by the following 
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manufacturing steps* 

The semiconductor wafer and the semiconductor device 

(MA, 

were prepared by the same method as the embodiment 1 using^^ 
alamide non-woven cloth (thermount: made by Du Pont Co. ) 

5 ^f^lOO /zm thick as the porous body ^ and a sheet made 
of rubber modified epoxy resin (of) 30 /Z m thick as the 
adhesive agent and the wafer protecting film. The 
adhesive sheet was prepared by(applyingja varnish (biphenyl 
type epoxy resq-n (YX-4000: made by Yuka Shell Co.)^as} 

10 gissolved} into a solvent, i.e. methylethylketone,^^ 
ortho-cresol novolak type phenol hardener (H-1: made by 
Meiwa Kasei Co. ) was added, an^micro-f iller having^ primary 
particle size of 12 nm (R974 : made by Nippon Aero sol Co. ) , 
nitrile butadiene rubber {XER-91: made by Nihon Gosei 

15 Rubber Co.), and a catalyst ( triphenylphosphine: made by 
wako Jyunyaku Co.) were mixed) ontoyi bed- film, and(^rying^ 
the varnisl^. 

The semiconductor device 17 was mounted on a mounting 
substrate, and a temperature cycle test in the range from 

20 -55 "C to -125 ^'C was performed. As the mounting 
substrate, a copper clad glass cloth base epoxy laminate 
FR-4 {MC-E-67: made by Hitachi Kasei CO.) was used- 
Furthermore, a reflow test at 240 "C for 5 seconds was 
performed after absorbing moisture in an environment at 

25 85 "C and a relative humidity of 85 % for 48 hours. An 
appearance test (such a s)^ generation of ^ chip crack and the 
like was performed after dropping the semiconductor device 
at a height of 1 meter ^n^ a glass plate [of/ 5 mm thxck. 
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Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in Table 1. 

The semicondu^jjor wafer 6 (prepared injjthe present 
5 embodiment has aj[warp (as small as] equal to or less than 
5 m. The semiconductor device 17 (prepared i^lLhe present 
embodiment has a small warp. The semiconductor device is 
superior particularly in thermal cycle resistance, 
because the conductive portions could have a low 
10 coefficient of elasticity by connecting the chip to the 
circuit layer with /conductive resin, in addition to the 
effect of the stress relaxing layer. 
device does not generateAref low failure Ca^;mounting 
operation, because of the porous stress relaxing layer. 
15 (The)Vfailure^such as damage,^Cof) ^he chip g.s);not generated 
in the dropping test. Furthermore, the package size can 
be madefastsame as the size of the chip, and the package 
can be made (onl^j^by dicing the semiconductor wafer of the 
present embodiment. Therefore, the process is superior 
20 in mass producibility . 


(Embodiment 8) 

(Jh^semiconductor device 17, which was the same type 
as indicated in FIG. ^, was prepared by the following 

25 manufacturing steps. 

The semiconductor wafer and the semiconductor device 
were prepared by the same method as the embodiment 2 using 
alamide non-woven cloth (thermount: made by Du Pont Co. ) 
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gfjlOO /zm thick as the porous bodyj^ and a sheet made of 
rubber modified epoxy resin^f)30 /JL m thick as the adhesive 
agent and the wafer protecting film. The adhesive sheet 
was prepared by applying a varnish (biphenyl type epoxy 
5 resin (YX-4000 : made by Yuka Shell Co. ) was dissolved into 
a solvent, i.e. methylethylketone,j|Ortho-cresol novolak 
type phenol hardener (H-1: made by Meiwa Kasei Co.) was 
added, and;raicro-f iller having ^primary particle size of 
12 nm (R974 : made by Nippon Aero sol Co . ) , nitrile butadiene 
10 rubber (XER-91: made by Nihon Gosei Rubber Co.), and a 
catalyst ( triphenylphosphine: made by Wako jyunyaku^^Co^ ) 
were mixed) onto^ bed -film, and (drying) the varnish^. 

The semiconductor device 17 was mounted on a mounting 
substrate, and a temperature cycle test in the range from 
15 -55 °C to -125 °C was performed. As the mounting 
substrate, a copper clad glass cloth base epoxy laminate 
FR_4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 "C for 5 seconds was 
performed after absorbing moisture in an environment at 
20 8 5 °C and a ^^^^^^^ ^^ggi^^^ °^ *<?^*°^ hours. An 
appearance test (such as][generation o^chip crack and the 
like was performed after dropping the semiconductor device 
at a height of 1 meter (oii)jia glass plate /b^ 5 mm thick. 
Furthermore, the package area versus chip area was 
25 evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in Table 1. 

The semiconductor wafer 6 ^epared i^]|'the present 
embodiment has aj^warp (Ss small as) equal to or less than 
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5 /ULm. The semiconductor device 17jpreparedi^ the present 
embodiment has a small warp, Ji superior thermal cycle 
resistance, and does not generate (ref low failure [atj,*^ 
mounting operation. (Th^ailure^such as damage^^^h® chip 
5 (is)^not generated in the droM)ing test. Furthermore, the 
package size can be "1^^^ ja^i^ameas the size of the chip, 
and the package can be made gnl^Jby dicing the semiconductor 
wafer of the present embodiment. Therefore, the process 
is superior in mass producibility . 
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(Embodiment 9) 

(Thafiemiconductor device 17, which was the same type 
as indicated in FIG. 4^, was prepared by the following 
manufacturing steps. 
15 The semiconductor wafer and the semiconductor device 

were prepared by the same method as the embodiment 3 using 
alamide non-woven cloth (thermount: made by Du Pont Co. ) 
^f] 100 U m thick as the porous bodj^T) and a sheet made of 
rubber modified epoxy resing^SO fJ. m thick as the adhesive 
20 agent and the wafer protecting film. The adhesive sheet 
was prepared by applying a varnish (biphenyl type epoxy 
resin ( YX-4000 : made by Yuka Shell CoO^was dissolved into 
a solvent, i.e. methylethylketone,/ortho-cresol novolak 
type phenol hardener (H-1: made by Meiwa Kasei Co.) was 
25 added, and^micro-f iller having^primary particle size of 
12 nm (R974 : made by Nippon Aero sol Co . ) , nitrile butadiene 
rubber (XER-91: made by Nihon Gosei Rubber Co.), and a 
catalyst (triphenylphosphine: made by Wako Jyunyaku Co.) 
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were mixed) onto bed-film, and (drying] the varnishjj. 

The semiconductor device 17 was mounted on a mounting 
substrate, and a temperature cycle test in the range from 
-55 "C to -125 °C was performed. As the mounting 
5 substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 "C for 5 seconds was 
performed after absorbing moisture in an environment at 
85 °C and a relative humidity of 85 % for 48 hours. An 
10 appearance test such as generation ofjchip crack and the 
like was performed after dropRing the semiconductor device 
at a height of 1 meter(on^a glass plate jo^ 5 mm thick. 
Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
15 evaluated. The results are indicated in Table 1. 

The semiconductor wafer 6 [prepared i^^the present 
embodiment has a^warp ^ small as] equal to or less than 
5 // m. The semiconductor device 17 (prepared in|;|the present 
embodiment has a small warp, /superior thermal cycle ^ 
20 resistance, and does not generateA reflow taLlnre [a.€) ^'^^ 
mounting operation. Because the conductive portions are 
formed by ^he|vapor deposition, ^^^ponductive layer having 
a high purity can be formed, anc^ electrical resistance is 
decreased. Therefore, the semiconductor can ^rrespond^A 
25 A /to, increasingfvelocityjof^ectrical signal^, (^h^^f ailure^ 
such as damage ^^ilthe chip g-^not generated in the dropj^ng 
test- Furthermore, the package size can be made ^^same 
as the size of the chip, and the package can be made ^nly^^^^^^^ 
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by dicing the semiconductor wafer of the present embodiment . 
Therefore, the process is superior in mass producibility . 

( Embodiment 10) 

5 (The)i semiconductor device 17, which was the same type 

^ ' (A) 
as indicated in FIG. 4^, was prepared by the following 

manufacturing steps • 

The porous body portions 15 made of ^ojous^^^^^^^^^ ^ g 

polytetrafluoroethylene were adhered to the portions^ 

10 where the electrodes ^er^^^not^^xisting on the wafer, ofJ 
^e semiconductor wafer 6) by heating and pressurizing at 
120 ^'C for 5 seconds. Simultaneously, the wafer 
protecting film 7 , which wa^ as same as the protecting film 
in the embodiment 1, was adhered to the rear plane of the 

15 wafer. Subsequently, the semiconductor wafer was 

prepared by screen-printing the photosensitive material 
portions 14 using ^h^photosensitive resin (BL-9500: made 
by Hitachi Kasei Co. ) onto the electrodes 5 on the wafer, 
and drying at 80 for 10 minutes. 

20 After forming the via-holes by exposing and developing 

the photosensitive portions, curing was performed at 
180 ''C for 2 hours. Subsequently, the semiconductor 
wafer 6 and the semiconductor device 17 were prepared by 
the same process as the embodiment 2. 

25 The semiconductor device 17 was mounted on a mounting 

substrate, and a temperature cycle test in the range from 
-55 ^'C to -125 ''C was performed. As the mounting 
substrate, a copper clad glass cloth base epoxy laminate 
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FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 "^C for 5 seconds was 
performed after absorbing moisture in an environment at 
85 and a relative humidity of 85 % for 48 hours. An 

5 appearance test [such as)j generation o:^chip crack and the 
like was performed after dropping the semiconductor device 
at a height of 1 meter^b^Ja glass plate [of) 5 mm thick. 
Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 

10 evaluated. The results are indicated in Table 1. 

i 

The semiconductor wafer 6 (prepared i^/j'the present 
embodiment has ajiwarpjas small as/ equal to or less than 
5 //m. The semiconductor device 17 [prepared ig);|the 
present embodiment has a small warp. The semiconductor 

15 device is superior particularly in thermal cycle 

resistance, because the stress relaxing layer is formed 
of porous polytetraf luoroethylene having a low 
coeff icient^f^lasticity, and does not g^^rate/ reflow 
failure (a^jimounting operation, because ofylow humidity 

20 absorbing rate, ^h^^f allure^ such as damage ^£)t the chip 
(1^1 not generated in the dropping test. Furthermore, the 
package size can be ^^^^ size of the chip, 

and the package can be made(6nl:^y dicing the semiconductor 
wafer of the present embodiment. Therefore, the process 

25 is superior in mass producibility . 


(Embodiment 11) 

^^^semiconductor device 17, which was the same type 
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as indicated in FIG. 4|, was prepared by the followxng 
manufacturing steps. 

The semiconductor wafer was prepared by the steps of : 
arranging porous body portions made of porous polyimide 
5 having a three dimensional network structure (of) 150 
VB^ Whereon thermoplastic polyimide adhesive layer for 
adhering to the semiconductor wafer was formed, on the 
portions of the semiconductor wafer 60where ^he)electrodes 
on the waf eiy|jwere)not|[existin^; arranging the anisotropic 
10 conductive portions 16 on the electrodes on the wafer using 
anisotropic conductive film (ASMAT: made by Nitto Denko 
CO.); and heating and pressurizing. Simultaneously, the 
wafer protecting film 7 made of thermoplastic polyimide 
was adhered to the rear plane of the wafer. Subsequently, 
15 the semiconductor wafer 6 and the semiconductor device 17 
were prepared by the same process as the embodiment 2. 

The semiconductor device 17 was mounted on a mounting 
substrate, and a temperature cycle test in the range from 
-55 °C to -125 *C was performed. As the mounting 
20 substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 'C for 5 seconds was 
performed after absorbing moisture in an environment at 
relative humidity 85 % for 48 hours. An appearance test 
25 (such a^generation o^chip crack and the like was performed 
after dropping the semiconductor device at a height of 1 
meter a glass plate of 5 mm thick. Furthermore, the 
package area versus chip area was evaluated. The amount 
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of warp of the package was also evaluated. The results 
are indicated in Table 1. j 

The semiconductor wafer 6 (prepared inj^the present 
embodiment has a^warp^s small a s| equal to or less than 
5 5 /zm. The semiconductor device 17 (prepared ii^ the 
present embodiment has a small warp. The semiconductor 
device is superior particularly in thermal cycle 
resistance by a synergistic effect with the effect of the 
stress relaxing layer, because making the conductive 
10 portion have a low coefficient of elasticity becomes 
possible by forming the conductive portion between the chip 
and the circuit layer with an anisotropic conductive 
material . ^h^ref low f ailjire(a^pounting operatxon(is notj 
(Seneratedl, because of the porous stress relaxing layer. 
15 gh^7f ailurej such as damage gf)/the chip^isjinot generated 
in the dropping test. Furthermore, the package size can 
be made gs)]Esame as the size of the chip, and the package 
can be made(only)jby dicing the semiconductor wafer of the 
present embodiment. Therefore, the process is superior 
20 in mass producibility . 

(Embodiment 12) t^/jugt-^^&JlAi^) 
A cross sectional view and a perspective view;^of the 
semiconductor module of the present invention are 
25 indicated in FIG. 7 (a) and (b)£^ respectively. The 
semiconductor module of the present invention was 
manufactured by the following process . 

The semiconductor devices 17 prepared in the 
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embodiment 1 and the embodiment 2 were mounted on 
desiqnated portions of a |buil3-up mounting substrate 
having four layered circuits via flux, and^ treated for 
reflow at 240 for 3 seconds. 

The semiconductor module Prepared in); the present 
embodiment [does)* not generate any failure at the reflow 
process in a mounting operation. No failure (li^jgenerated 
in the temperature cycle test. 


10 (Comparative example 1) ^ ^ jJLX^^^^^i^ 

(Th^ Asemiconductor device/^ ^ndicated^ in FIG. 8^ was 
prepared by the following process{;) and;^ evaluated. 

After forming the circuit layer by the same method as 
the embodiment 1, the semiconductor chip 20 was adhered 

15 to the circuit layer withAdie bonding agent 19. Then, the 
circuit layer was connected electrically to the chip with;^ 
gold wire 21 using ultrasonic waves. The connecting 
portion of the chip and the circuit layer was resin-sealed 
by^transfer molding method using an epoxy group sealing 

20 agent. Finally, the semiconductor device was completed 
by forming the external terminals. 

The semiconductor device was mounted on a mounting 
substrate, and a temperature cycle test in the range from 
-55 ''C to -125 ^'C was performed. As the mounting 

25 substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 for 5 seconds was 
performed after absorbing moisture in an environment at 
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85 "C and a relative humidity of 85 % for 48 hours. An 
appearance test (s^uch as]|generation o:^ chip crack and the 
like was performed after dropping the semiconductor device 
at a height of 1 meter (or^ a glass plate ^fj 5 mm thick. 

5 Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in Table 1. 

In case of the present comparative example, they\warp 
of the package large, because the sealing portion is 

10 only on one side of the substrate. Breakage failure (^s) 
(generateS^in the temperature cycle test, because no stress 
relaxing layer exists. Reflow failure (l^A generated, 
because no porous structure for releasing steam exists. 
The package size becomes larger than the size of the chip, 

15 because the chip is connected to the circuit by wire 
bonding . 


(Comparative example 2) j^jLuJ^AJ^^ 

(rhe^Asemiconductor device;^(indicatedQin FIG. 9jwas 
20 prepared by the following process^,"} and; evaluated. 

After forming the circuit layer by the same method as 
the embodiment 1, a relaxing layer was formed thereon by 
a printing method usingj^silicone group rubber. A silicone 
group adhesive agent was applied onto the relaxing layer a 
25 23 , and the semiconductor chip was adheredj^. ThegiiimericalJA 
^ar^ 26 indicates a gold plated lead. After bonding the 
chip and the circuit layer[by)Lultrasonic waves, the bonding 
portion was sealed with a silicone group sealing agent 22. 
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Finally^ the semiconductor device was completed by forming 
the external terminals* 

The semiconductor device was mounted on a mounting 
substrate, and a temperature cycle test in the range from 

5 -55 to -125 was performed. As the mounting 

substrate, a copper clad glass cloth base epoxy laminate 
FR-4 (MC-E-67: made by Hitachi Kasei CO*) was used. 
Furthermore, a reflow test at 240 for 5 seconds was 
performed after absorbing moisture in an environment at 

10 85 ''C and a relative humidity of 85 % for 48 hours. An 
appearance test ^ch as^generation of ^chip crack and the 
like was performed after dropping the semiconductor device 
at a height of 1 meter (jon^^a glass plate [of) 5 mm thick. 
Furthermore, the package area versus chip area was 

15 evaluated. The amount of warp of the package was also 
evaluated. The results are indicated in Table 1. 

In case of the present .comparative example,; breakage 
failure [was generated) ^n the temperature cycle test, 
because stresses were concentrated to the lead portion 

20 c^^necting the chip and the circuit layer by deformation 
ofJ[elastomer layer during the temperature cycle test owing 
to (using th^ silicone group material for the sti^^s^ ^^^^^^^^^^ 
relaxing layer. Failures^ such as chip cracks and (others) /\ 
were generated by th^dropping test, because no protecting 

25 film was provided ^o^^he rear plane of the chip. The package 
size^comes]j^J.arger than the size of the chip, because the 
lead sealing portion [ls)^arger than the chip. 
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(Comparative example 3) ^JL^ 

^h^j^ semiconductor device^ ^ndicate(^^^ FIG. 10^ was 
prepared by the following process^ and^ evaluated. 

Plating bumps 24 are formed at the electrode portions 
5 5 of the semiconductor wafer. (Positio^^^ ^t^^^ 

semiconductor wafer is adjusted to match ^ith^an epoxy 
group circuit substrate 25 having the same size as the 
semiconductor wafer,, and the semiconductor wafer is 
connected electrically to the circuit substrate via the 
10 plating (bump)A2 4. A liquid epoxy group sealing agent 22 
is filled into an interval betw^n^the circuit substrate, 
and the semiconductor wafer, anc^cured. After forming the 
external electrodes 10 on_ the circuit substrate 25, the 
semiconductor device was prepared by dicing the 
15 semiconductor wafer. 

The semiconductor device was mounted on a mounting 
substrate, and a temperature cycle test in the range from 
-55 ''C to -125 °C was performed. As the mounting 
substrate, a copper clad glass cloth base epoxy laminate 
20 FR-4 (MC-E-67: made by Hitachi Kasei CO.) was used. 
Furthermore, a reflow test at 240 "C for 5 seconds was 
performed after absorbing moisture in an environment at 
85 "^C and a relative humidity of 85 % for 48 hours. An 
appearance test ^ch aiy^generation of/chip crack and the 
25 like was performed after dropping the semiconductor device 
at a height of 1 meter lpn)j^a glass plate ^fj 5 mm thick. 
Furthermore, the package area versus chip area was 
evaluated. The amount of warp of the package was also 
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evaluated. The results are indicated in Table 1. . j 
In case of the present comparative example^ the^warp 
of the wafer and the package were large, because the 
protecting film was not provided onto the ^r|ar^jgj^e of 
i the chip, and failures^ such as chip cracks and ^hersj^were 
generated by, the dropping test. Breakage failures (were^ 
generated in^the temperature cycle test, because no stress 
relaxing film was provided. Failures were generated in the 
ref low operation, because the sealing portion does not have 
0 ^he)jporous structure for releasxng pressure. 

In accordance with the semiconductor devices of the 
present invention/^explained in Respective of) the previous 
embodiments, the failure generation rate at 1000 cycles 
is low in comparison with the semiconductor devices of the 
15 comparative examples iQand 3 , becaujet stress generated 
in the external terminals is small the presence of the 
Stress relaxing layer. Because (th^/porous body is used 
as ^e\Xstress relaxing layer, failure [at)/the mounting 
reflow;(i^ not|^^nerate§. On account of the presence of 
20 the protecting film at the rear plane of the semiconductor 
chip, thej^warp of the package is small in comparxson with 
the comparative examples 1 and 3. Furthermore, in 
comparison with the comparative examples 1 and 3, the 
failure generating rate (byj^dama^^, j^^f^^2^ ^^^^^^ 
25 in the dropping test is small. ^he)^|>ackage area;, to the 
chip area is small in comparison with the comparative 
examples 1 and 2, because the semiconductor wafer, the 
stress relaxing layer, and the circuit layer are cut 
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simultaneously along the same plane tojrespective units • 
The semiconductor device of the present invention 
comprises a stress relaxing layer between the external 
terminals and the chip, and an organic protecting film^ 
5 formed on the rear plane of the chip. Th^efor e^ t|ie^ 

of the semiconductor device is small, andj^gamages atj edge 
^rtion^of the chip and cracks are scarcely generated \\xii^^^^^ 
the dropping test. 

The semiconductor device of the present invention 
10 comprises thejtporous stress relaxing layer between the 
external terminals and the chip. Therefore, breakage at 
the external terminals ^^j^temperature cycle test after 
mounting [Is^ scarcely^^enerate^. 

Because the stress relaxing layer comprises a three 
15 dimensional network structure, steam generated at theyy 
mounting ref low can be released outside the semiconductor 
device through the core layer, and swelling and breakage 
of the substrate, whereon the ^rcuit)j(are formed, are 
seldom generated (a^ ythe mounting ref low operation. 
20 In accordance with the manufacturing steps of the 

semiconductor device of the present invention, the package 
size is ^s)j^same as the size of the chip, because the 
assembling operation can be performed simultaneously for 
fthe)fwafer unit. Therefore, the manufacturing method of 
25 the present invention [is)\advantageous ^i^) mass 
producibility . 

In accordance with the semiconductor wafer of the 
present invention, (the^semiconductor device having a high 
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reliability can be manufactured by mass production. The 
semiconductor module of the present invention has a high 
reliability,, because the semiconductor device of the 
present invention is mounted. 


